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BACKGROUND: The most important task in the field of improving the results of treatment of patients with prostate
cancer (PCa) is their correct stratification by risk groups. Modern stratification systems do not fully provide an adequate risk
assessment for all patients with prostate cancer. Further development of algorithms for predicting the clinical course of pros-
tate cancer for a particular patient can positively affect the course and outcome of the disease.

AIM: Determination of the clinical and prognostic value of the density of prostate-specific antigen (PSAD) in patients with
localized prostate cancer who underwent combined external beam radiation with androgen deprivation therapy.

MATERIALS AND METHODS: The effect of the PSAD parameter on the tumor-specific survival rates, as well as the clini-
cal and morphological parameters of the tumor process, was assessed in 272 patients with localized prostate cancer who
underwent combined external beam radiation with androgen deprivation therapy from January 1996 to July 2007.

RESULTS: The high clinical significance of the PSAD indicator has been demonstrated. An increase in PSAD correlated
with an increase in serum PSA concentration, a decrease in PSA doubling time, and a decrease in tumor differentiation.
The prognostic value of PSAD was confirmed in patients with localized prostate cancer who received combined hormone-
radiation therapy. Using ROC-analysis, the threshold value of the PSAD index was determined - 0.36 ng / ml / cm?, the excess
of which was associated with a statistically significant decrease in the level of tumor-specific survival. The area under the
curve was 0.703 (95% Cl 0.236-0.434; p < 0.001). The risk of tumor-specific mortality and recurrence increased as the PSAD
value increased.

CONCLUSION: The PSAD parameter is a reliable biomarker of prostate cancer with high rates of clinical and prognostic
significance, the use of which is not associated with the introduction of costly and cumbersome methods of laboratory and
instrumental diagnostics.
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lMnoTHocTb npocTaTcneuMpmUYecKOro aHTUreHa
KaK MPOrHoCcTUYECKUM MapKep Yy 60/1bHbIX
NOKaNM30BaHHbIM PaKoOM NpeacTaTe/IbHOW }Kenesbl

© A.I0. Knees, M.W. WKonbHuK, 0.A. boroMonos, 10.I'. BepwuHckas, .M. HapuHos

Poccuitcknid HayuHbI LEHTP PaAMONOriM U XUPYPrYECKMX TEXHONOrMIA M. akag,. A.M. paHoBa, CaHkT-Ietepbypr, Poccua

Bgedenue. BaxHenwuan 3afaya B 061acTvt ynyyLleHns pe3ynbTaToB fiedeHnsA 60bHbIX pakoM MpeacTaTebHOM Heesbl —
3T0 WX NpaBWNbHaA CTpaTUdUKaLMA Mo rpynnam pucka. CoBpeMeHHble CUCTEMbI CTpaTUPUKALMM He MO3BOAAIOT B MOHOM
Mepe 06ecneunTb afleKBaTHYIO OLEHKY pUCKa A1A Bcex BO/bHbIX paKoOM NpefcTaTenbHov Henessl. [JanbHeilee passutue
anropuTMOB MPOTrHO3MPOBAHMA KIMHUYECKOTO TEYEHUA paKa MPeACTaTeNlbHOM Henesbl 4/1A KOHKPETHOro 60/IbHOM0 MOMKET
MOJIOMKMTESNIbHBIM 06pPa30M MOBNMATL Ha TEYEHWE U UCX0L 3ab0NeBaHuA.

Lless. Onpepenenne KIMHUYECKOTO U MPOrHOCTUYECKOr0 3Ha4eHWA NIOTHOCTK NpocTatcneumdmyeckoro aHturena (nfCA)
y 60/bHbIX JIOKaNM30BaHHBLIM PaKOM NpeLCTaTebHoOM Hene3sbl, NepeHecUnX KOMOMHMPOBaHHOE FOPMOHO-/TY4EBOE SIEYEHME.

Mamepuanesl u Memodbl. MpoBeseHa oueHKa BAMAHKUA napametpa NMCA Ha nokasatenu onyxosib-CreLmpuyecKon Bbl-
¥KMBAEMOCTH, a TaKHKe KIIMHUKO-MOpdOOrMyeckmne napaMeTphbl 0MyXoeBoro npouecca y 272 NaLMeHTOB C JIOKaIN30BaHHbIM
PaKOM MpeLcTaTesibHOM Mese3bl, NOMyYaBLUMX KOMBMHMPOBAHHOE FOPMOHO-/y4eBOE fledYeHne B nepuof, ¢ AHeapA 1996 r.
no utonb 2007 r.

Pesynsmamei. TpoeMOHCTPUPOBaHa BbICOKaA KMHMYeCKaa 3Ha4nMMocTb nokasatena nlCA. MosbiweHve nlCA Kop-
penupoBano ¢ yBeNMYeHUEM KOHLeHTpaumu cbisopaTouHoro [CA, cHuweHveM BpemeHn yaBoeHuA [CA, yMeHbLueHVeM
InddepeHLMpoBKM onyxonu. MoaTeepkaeHO nporHocTMyecKkoe 3HadyeHue NMNCA y naLMeHToB C NIOKANU30BaHHBIM PaKoM
NpeACTaTeNbHOM Hene3bl, NOMyYaBLIMX KOMOBMHUPOBaHHOE FOPMOHO-/y4eBoe fiedeHue. C nomowbio ROC-aHanu3a onpe-
[eNIeHo Noporosoe 3HaveHue nokasarens nfCA — 0,36 Hr/(Mn-cM®), npeBbileHre KOTOPOro 6bIM0 CBA3aHO CO CTATUCTU-
YECKM 3HAYMMBIM CHUMKEHWEM YPOBHA OMyX0/b-CreLMpuyeckon BbixmBaeMocTu. MNnowanb nog kpuson coctasuna 0,703
(95 % [OW 0,236-0,434; p < 0,001). Puck onyxonb-cneunpryeckon CMEPTHOCTM M BO3HUKHOBEHUA pPeLMAMBa BO3pacTaeT
no mMepe yBenuyeHua nokasarena nllCA.

3akmoyenue. TNapametp NMCA ABnAeTCA HafeHbIM 6UOMapKEPOM paKa MpeacTaTeNlsHOM enesbl C BbICOKUMM MoKa-
3aTefIAMM KNMHUYECKOM W NPOrHOCTUYECKOM 3HAYMMOCTM, MUCMOMb30BaHWE KOTOPOr0 He CBA3AHO C BHEAPEHWEM 3aTpaTHbIX
1 06peMEHUTENBHBIX METOLL0B /1ab0paTOpPHOM U MHCTPYMEHTANBHOM AMArHOCTUKM.

KnioueBble cnioBa: pak npeacTaTeslbHOM *ene3sbl; 0nyXonb-Creunpryeckan BblXKMBAEMOCTb; NPOCTATUYECKUIA CNeLum-
Guueckui anturen; MCA; nnotHocTb MNCA.
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INTRODUCTION

Prostate cancer (PC) ranks second in prevalence
among malignant neoplasms and ranks first among
men aged >60 years in Russia [1]. Accurate prediction
of the disease stage in patients with localized PC, de-
spite the development of instrumental and laboratory
diagnostic methods, still needs improvement. Predic-
tion is based on digital rectal examination findings,
initial concentration of serum prostate-specific antigen
(PSA), and results of histological examination of prostate
gland (PG) biopsies, namely, the degree of tumor dif-
ferentiation according to the Gleason scale, percentage
of the tumor in the biopsy sample, and presence of foci
of perineural invasion [2-4]. The degree of tumor ma-
lignancy is a decisive factor in predicting and choosing
the optimal treatment method; of all parameters, only
the degree of tumor differentiation correlates signifi-
cantly with the disease outcome [5]. Moreover, the PSA
level and results of digital rectal examination without
taking into account other clinical data are not significant
prognostic factors, since they may be due to reasons not
related to tumor lesion [6]. However, bhiopsy results do
not allow a full assessment of PC characteristics such as
the size, location, and morphology of the tumor lesion.
The Gleason index is assigned based on the results of an
assessment of a potentially heterogeneous tumor site
and therefore does not accurately assess the entire vo-
lume and aggressiveness of the lesion focus in compari-
son with gross specimen examination after surgery [7].
The selection of treatment method is largely based on
the assumption that the tumor characteristics accord-
ing to the results of the primary biopsy reflect the true
grade of malignancy. Thus, errors in assigning the total
Gleason score can lead to overtreatment of patients with
indolent tumors, and patients with aggressive tumors
are undertreated, which will negatively affect disease
outcomes. An accurate assessment of the tumor process
characteristics will help distinguish patients who are
suitable for active follow-up from those who need radical
treatment and assess better the risk of further disease
progression.

Despite the use of clinical and pathological parame-
ters in practice, which in most cases provides acceptable
risk stratification, prediction still needs improvement,
which makes it difficult to choose the optimal treatment
method in each case [8]. Thus, new prognostic biomark-
ers of PC should be identified [9].

PSA density (PSAd) is defined as the ratio of se-
rum PSA to the PG volume. This indicator was origi-
nally used to assess the risk of PC among patients with
baseline serum PSA concentration <10 ng/ml [10]. An
increase in the concentration of serum PSA in benign
prostatic hyperplasia (BPH) is associated with an in-
crease in the volume of the glandular component of the
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PG, that is, the concentration of serum PSA increases
in proportion to the increase in PG volume. In PC, the
increase in PSA level is related to the invasive prop-
erties of the tumor, and its spread leads to an impair-
ment of the acinar-vascular architectonics of the organ
and PSA secretion directly into the systemic circulation.
In patients with PC, PSAd is associated with both the
tumor component and PG volume. Thus, the determi-
nation of PSAd allows for the assessment of the ef-
fect of BPH on the serum PSA concentration in patients
with PC.

This study aimed to determine the clinical and prog-
nostic values of PSAd in patients with localized PC who
underwent combined hormone-radiation therapy.

MATERIALS AND METHODS

The retrospective study included 272 patients with
localized PC (cT1-T2NOMO), who received combined
hormone-radiation treatment at the Acad. A.M. Granov
Russian Scientific Center for Radiology and Surgical
Technologies in the period from January 1996 to July
2007 and were subsequently under case follow-up. The
average age of the patients at the beginning of treatment
was 66.5 + 6.8 years. In patients included in the study,
all data about the results of examination and treatment
were available. Among these patients, the influence of
the PSAd parameter on the indicators of tumor-specific
survival, as well as the clinical and morphological pa-
rameters of the tumor process, was assessed.

In all patients, PSAd was calculated as the ratio of
the baseline serum PSA concentration to the PG vol-
ume. The latter was assessed based on the results of
ultrasound examination or magnetic resonance imaging
of the PG. In the studied patients, PSAd ranged from
0.004 to 6.5 ng/(ml-cm®), and the median PSAd was
0.45 ng/(ml-cm® (95% CI 0.41-0.52). The pathomor-
phological characteristics of the tumor according to the
Gleason scale were assessed in 196 (72.1%) patients.
Highly differentiated tumors (Gleason score <6) were
detected in 98 (50.0%) patients, 67 (34.1%) patients had
Gleason score of 7, and 31 (15.8%) patients had Gleason
score of 8-10. The PSA doubling time in the study group
ranged from 0.7 to 833.33 months, with a median value
of 36.66 months (95% CI 26.84-40.00).

All patients with PC received combined hormone-ra-
diation therapy. The average total focal dose to the target
organ area (PG and seminal vesicles) was 67.01 + 5.6 Gy.
Hormone therapy was performed with gonadotropin-re-
leasing hormone agonists and/or antiandrogenic drugs.
To achieve the castrate level of testosterone, some pa-
tients underwent bilateral orchiectomy.

Statistical analysis of the data was performed us-
ing Statistica 10 En (StatSoft, Inc.), specifically with the
t-test, Pearson y2-test, Fisher's exact test (F-test),
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Mann-Whitney U-test, and receiver operating character-
istic (ROC) analysis by plotting an ROC curve. Differences
were considered significant at p < 0.05. The average val-
ues of the indicators are presented as with the standard
deviation (M = o).

RESULTS

At the first phase of the study, the tumor-specific
survival rate of the studied patients was assessed. Dur-
ing the follow-up period, 48 patients died from the pro-
gression of the underlying disease (Table 1).

Table 1 shows the results of the univariate analysis
and reveals that surviving and deceased patients were
significantly different from each other with respect to
the histological differentiation of the tumor tissues of
the PG. Thus, highly differentiated tumors (p < 0.0001)
were detected significantly more often in the surviving
group, and poorly differentiated forms of PC are found in
the deceased group (p < 0.05). The baseline serum PSA
level was significantly lower in the surviving group than
in the deceased group (15.06 and 22.45 ng/ml, respec-
tively; p = 0.0001). Moreover, a significant difference
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was found in the PSA doubling time. This indicator was
significantly higher in the surviving group (36.66 months)
than in the deceased group (7.56 months) (p < 0.01).
These groups have significantly different PSAd. The me-
dian PSAd in the surviving group was 0.42 ng/(ml-cm®)
and that in the deceased group was 0.66 ng/(ml-cm?)
(p < 0.0001).

The analysis of PSAd was performed if PC recurred
after treatment. Tumor recurrence was noted in 52 pa-
tients. The median PSAd in patients with confirmed re-
lapse was 0.74 ng/(ml-cm®) (95% CI 0.63-0.93), and in
those without relapse, it was 0.41 ng/(ml-cm3) (95% Cl
0.35-0.46) (p < 0.001).

In the second phase, the threshold value of PSAd was
determined, and excess levels were associated with a
significant decrease in tumor-specific survival rates.
The ROC analysis was used to determine the threshold
values of this parameter (Fig. 1, Table 2). The threshold
value of PSAd was 0.36 ng/(ml-cm3) with sensitivity and
specificity levels of 89.58 and 46.43%, respectively.

In the third phase, we used the threshold value
of PSAd to divide patients into groups of “low” and
“high” PSAd (Table 3). In the “low” PSAd group, highly

Table 1. Main clinical and morphological parameters in surviving and deceased patients with prostate cancer (n = 272)
Tabnuua 1. OcHoBHbIE KNMHMYECKME 1 MOPHONOrMYECKIME NMOKA3aTeNN Y BbINKMBLLMX M YMEPLUMX NaLMEHTOB C pakoM NpeacTaTe/ibHoM

enesbl (n = 272)

Indicator

Age, years (Me, 95 % Cl)

Follow-up period, months (Me, 95% CI)
Baseline PSA level, ng/ml (Me, 95% CI)
PSAd, ng/(ml-cm?) (Me, 95% CI)

PSA doubling time, months (Me, 95% Cl)
Gleason score:

° <7

o7

° >7

« unknown

Total focal dose of local irradiation, Gy
(Me, 95% CI)

Surviving group (n = 224) Deceased group (n = 48) p
67.75, 67.14-68.67 66.87, 65.61-67.85 >0.05*
147.0, 139.0-156.2 75.5, 63.7-100.0 <0.0001*
15.06, 13.08-17.57 22.45, 18.81-28.21 0.0001*

0.42, 0.36-0.46 0.66, 0.57-0.90 <0.0001*
36.66, 30.46-40.00 7.56, 1.21-36.66 <0.01*
93 (41.5%) 5 (10.4%) <0.0001**
54 (24.1%) 13 (27.0%) >0.05**
20 (8.9%) 11 (22.9%) <0.05***
57 (25.4%) 19 (39.5%) <0.05**
68.0, 66.00-68.00 66.0, 66.00-68.00 >0.05*

Note. PSA, prostate-specific antigen; Me, median; 95% Cl, 95% confidence interval. *Mann-Whitney U-test. ** y? Pearson test.

***F_test (Fisher's exact test).

Table 2. Characteristic of ROC-curve of values of the density of prostate-specific antigen in patients with localized prostate cancer
Ta6bnuua 2. Xapaktepuctvka ROC-Kp1BOWM 3HaYEHMIA NAOTHOCTM NpoCTaTCreLMdMUECKOro aHTUreHa Y NaLMeHTOoB C I0KaNM30BaHHbIM

paxkoMm I'Ipe;l,CTaTeanOVl Henesbl

Area under the ROC | Root mean square , . 95% Cl
p Optimal criterion — , —
curve error Lower limit Higher limit
0.703 0.0363 <0.0001 0.3601 0.2360 0.4345
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Table 3. Clinical and morphological parameters in patients
antigen (n = 272)
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with prostate cancer depending on values of the density of prostate-specific

Tabnuua 3. Knunuueckue n Mopdonormyeckme NoKasaTeny y NalMeHToB C pakoM NpeaCcTaTe/ibHON Mese3bl B 3aBUCHMOCTM OT 3Have-
HWIA NJIOTHOCTM NpocTaTcreuuuyecKkoro aHTurera (n = 272)

Aspect analyzed Low PSAd (n = 101) High PSAd (n = 171) p

Age, years (Me, 95% CI) 68.33, 67.21-69.56 66.92, 64.92-67.65 >0.05*
Baseline PSA level, ng/ml (Me, 95% CI) 9.8, 8.00-11.30 23.00, 20.35-26.07 <0.0001*
PSA doubling time, months (Me, 95% CI) 40.00, 36.66-47.73 24.60, 13.97-36.66 <0.001*
Gleason score:

o <7 63 (62.3%) 35 (20.4%) <0.0001**
o7 14 (13.8%) 53 (30.9%) <0.01**
o>7 9 (8.3%) 22 (12.8%) >0.05***
« unknown 15 (14.8%) 61 (35.6%) <0.001**

Note. PSA, prostate-specific antigen; Me, median; 95% Cl, 95% confidence interval. *Mann-Whitney U-test. ** y? Pearson test.

***F-test (Fisher's exact test).
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Fig. 1. Results of ROC-analysis of values of the density of pros-
tate-specific antigen in patients with localized prostate cancer
Puc. 1. Pesynbtatel ROC-aHanu3a 3Ha4eHWn MAOTHOCTM
npocTaTcneLnPuyeckoro aHTUreHa y NaLMeHToB C fOKa-
JIN30BaHHbIM PaKOM MpeacTaTe/lbHOMN ¥enesbl

Fig. 2. Cancer-specific survival prostate cancer patients with “high” and
“low” density of prostate-specific antigen

Puc. 2. Onyxonb-creuuduyeckan BbIXKUBAEMOCTb NALMEHTOB C IOKaNM-
30BaHHbIM PITHK ¢ «BbICOKOM» M «HW3KOM» M/IOTHOCTBIO MpOCTaTCreLm-
PuyecKoro aHTUreHa

differentiated PC was detected significantly more often,
and “moderately differentiated” tumors were revealed
significantly more often in the “high” PSAd group. The
baseline serum PSA concentration was significantly
lower in the “low” PSAd group. The PSA doubling time
increased with decreasing PSAd. Figure 2 shows the re-
sults of the assessment of the tumor-specific survival of
patients with PC, depending on PSAd.

As the cumulative proportion of survivors did not
decrease below 50% during the follow-up period, the
median tumor-specific survival was not achieved. The
average tumor-specific survival in the “low” PSAd group
was 247.21 (95% Cl 236.27-258.15) months, and it was
222.64 (95% Cl 206.29-238.98) months in the “high”
PSAd group. In the “low” and “high” PSAd groups, the
T-year tumor-specific survival rate of patients with
localized PC reached 100%, the 5-year survival rates

DOl https://doiorg/10.17816/uroved71614

were 98.9% + 1.0% and 91.5% + 2.1%, and the 10-year
survival rates were 96.6% + 1.9% and 79.6% + 3.2%, re-
spectively. The relative risk of death in the “high” PSAd
group increased 3.6 times compared with that in the
“low” PSAd group (95% ClI 2.0139-6.4446). Thus, in pa-
tients with localized PC, lower PSAd was accompanied
by better tumor-specific survival rates.

DISCUSSION

Malignant PG tumor tissues are known to release
into the systemic circulation (per unit volume) about 10
times more PSA than did benign PG tissues [11]. Unlike
most developed countries, with the introduction of serum
PSA-based screening, the number of newly diagnosed PC
cases has increased and the number of deaths has de-
creased [12]; in Russia, we registered a steady increase
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in mortality rates from this disease [10]. In 1992, Ben-
son et al. [13] proposed the concept of PSAd to neutral-
ize the effect of the PG volume on the serum PSA level.
Subsequently, several studies have demonstrated that
PSAd > 0.15 ng/(ml-cm®) is associated with a significant-
ly higher probability of PC detection [14-16].

To our knowledge, this study is one of the few studies
that focused on the analysis of the relationship between
PSAd and outcomes of hormone-radiation treatment in
patients with localized PC [17-19]. We have demonstrat-
ed the high clinical and prognostic significance of this
parameter in this group. Thus, in patients with higher
PSAd, the degree of histological differentiation of the
tumor was lower, the initial serum PSA level was higher,
and the PSA doubling time was shorter, which indicates
a higher tumor growth rate. Furthermore, patients with
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specific mortality and recurrence after treatment.

CONCLUSION

The results obtained suggest that PSAd is a reliable
biomarker of PC with high rates of clinical and prognos-
tic significance, and its use is not associated with the
introduction of expensive and cumbersome laboratory
methods and instrumental diagnostics.
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